The display of the electrocardiogram during anesthesia provides the least invasive source of information concerning the activity of the myocardium. The usefulness and safety of the technique can only be maintained, however, if equipment of adequate specification is employed and certain procedures are observed. Accurate interpretation of the trace requires that it is free from distortion and artifact. Some types of artifacts are easily recognizable as such and therefore simply limit the diagnostic usefulness of the display. On the other hand, distortions which may be induced by inadequate frequency response are not always detected and may lead to incorrect clinical diagnosis.
The electrical connexion of a patient to a piece of apparatus is never without hazard. When the apparatus is powered by mains electricity, and, particularly if several such pieces of equipment are connected to the patient simultaneously, the risks are greatly increased. The principal hazards all involve the passage of an electrical current through the patient and may be conveniently classified according to the type of current involved.
Hazards due to direct current: The passage of a direct current of the order of a few milliamps through the tissues for any length of time causes a mass migration of tissue ions which may result in electrolytic tissue damage. When metal electrodes are directly applied to the tissue, metal ions are liberated which may cause tissue damage. The current, which may be derived from the amplifier or from elsewhere, is limited by the input impedance of the amplifier.
Hazards associated with mains frequency alternating current (50 Hz): The ability of an alternating current to stimulate muscle or nervous activity and, more particularly, to initiate ventricular fibrillation is related to its frequency. It is unfortunate that the domestic electricity power supply frequency of 50Hz coincides with the frequency of maximum excitability of these tissues. At this frequency, the current density necessary to induce ventricular fibrillation has been investigated by several workers including Starmer et al. (1966) , Bruner (1967) and Hopps (1969) . It appears -to be generally agreed that currents of only a few microamps applied directly to the heart or some tens of milliamps applied to the surface of the patient may induce ventricular fibrillation. The ultimate objective in designing apparatus for connexion to patients is that such currents should be prevented from passing between the apparatus and the patient under any circumstances. The major difficulty in achieving this objective is that the domestic power supply offers two alternative return pathways to the generator from the 'live' lead, i.e. via both the 'neutral' lead and the earth.
It is not sufficient merely to arrange that the apparatus concerned does not earth the patient since he may very easily be earthed by other means. The power supply and the patient connexions must be isolated in such a way that a high impedance is offered to leakage currents. Recommendations by the Department of Health and Social Security (1963) limit the leakage currents permissible under such circumstances to 100 microamps whilst the American Heart Association (Kossman et al. 1967 ) permits a maximum leakage of 5 milliamps through the leads of ECG machines intended for use with surface electrodes. The International Electrotechnical Commission (1972) has recommended the more stringent figure of 10 microamps and this has been adopted by a number of manufacturers.
Hazards associated with the use of diathermy: A matter of particular interest to anmsthetists is the hazard which is associated with the simultaneous use of surgical diathermy and ECG monitors. In this instance, heavy radio frequency currents pass through the patient and a proportion may find an alternative return path to the diathermy machine via the ECG electrodes. Because of its high frequency, diathermy current induces little muscle or nerve stimulation and is unlikely to result in ventricular fibrillation. The lesion induced by stray radio frequency currents is related to the amount of heat generated at the interface which may produce sufficient rise in local temperature to cause a thermal burn.
The ECG Signal
The ECG signal is derived from the difference in electrical potential between two or more electrodes as a result ofcardiac action. This differential signal would normally be swamped by electromagnetic and electrostatic induced interference, were not a differential amplifier employed. Nearly all interference signals, which may amount to several hundred millivolts with respect to earth potential, are developed equally throughout the body and thus produce common-mode signals at exploring electrodes.
If the amplifier input points have a low electrical impedance they allow some current to pass and consequently a proportion of the signal voltage is dissipated across the skin resistance. This is unlikely to be identical for any two electrodes and thus a truly common-mode signal may result in two different signal amplitudes being 'seen' by the amplifier. The difference signal will be amplified and will appear as interference.
Consequently, high impedance input stages are necessary on amplifiersthe minimum value permitted by the American Heart Association Specifications (1967) for direct writing machines was 500 000 ohms. Present machines possess input impedances of 100 megohms or more.
The ability of an amplifier to reject commonmode signals is defined as the ratio of the response to a differential signal and the response to a common-mode signal of the same amplitude. The effect of input impedance on the ratio is usually indicated by including a specified resistance (e.g. 5000 ohms) in series with any one electrode. The ratio may be expressed either as the arithmetic ratio or in decibel (dB) notation which equals twenty times the logarithm of the ratio. Thus, a ratio of 1000:1 is equal to 60 dB.
A bonus from the employment of isolated amplifiers is that they may readily be designed to possess outstanding common-mode rejection. There is, however, little value in using amplifiers which boast ratios in excess of 90 dB, since a small residue of induced interference in the patient is non-common mode (Kirsner 1972) .
Electrodes
The function of the electrode is to make contact with the patient with a consistent interface resistance. It should pick up the patient's voltage pattern without distortion. There are three types of electrodes in common use:
Plate electrodes reflect the need to maintain a low skin impedance with ECG machines, which, in the past, had rather low input impedance. The direct metal to skin contact renders them unsuitable for long term use. The elastic straps conventionally used with such plates are undesirable during anesthesia because of their tendency to restrict the venous return.
Self-adhesive electrodes, which generally do not permit direct metal contact are becoming popular for monitoring purposes because of their convenience. They are suitable for long-term monitoring, provided that noncorrosive contact jelly is used.
An amplifier with a low input impedance will allow a small current to pass in sympathy with the ECG signal. Polarization of the electrodes may limit the low frequency response of the system. This effect is particularly marked when electrode contact is small. Needle electrodes have been noted to produce severe low frequency distortion for this reason (Meyer 1967) .
Any leakage currents passing through the electrodes are more likely to be associated with local hazards when needle electrodes are used, because with these the current density is greatest. The heat produced by any stray radio frequency currents which are conducted by electrodes is proportional to the square of the current passed and is inversely related to the area of the electrode contact.
Needle electrodes offer the greatest hazard in terms of both electrolytic and diathermy burns and are also the most likely to induce .distortion to the trace. It is therefore difficult to justify their continued use.
ECG Leads
ECG leads usually include a length in which the conductors are wrapped together in an earthed screen which is terminated in individual nonscreened cables of some 3-4 ft in length passing to the electrodes. If the unscreened leads are widely separated, a differential interference signal may be induced. In order to avoid this problem as far as possible, it is desirable that the leads should be kept in close approximation to ensure that any interference is of a common-mode nature.
A further feature of the design of these leads is that the right leg lead is electrically connected to the screen in the lead plug. Any radio frequency voltage picked up by the electrode will be transmitted into the screened portion of the lead. At radio frequency, the screen capacitance has a low impedance and may shunt a current to the screen and hence to the right leg lead. If this is connected to the 'indifferent' electrode, a leakage circuit is completed and burns may result. Since similar capacitative shunts may exist in the ECG machine, the return path to the diathermy may be via the right leg lead or the theatre earth system.
The common practice ofapplying the diathermy 'indifferent' electrode to the calf encourages the diathermy current to seek the aberrant pathways, even when it is properly applied. Dobbie (1969) has demonstrated that the knee offers a high radio frequency impedance and has recorded potentials approaching 50 volts (r.m.s.) at electrode sites when the diathermy indifferent electrode is placed on the calf.
The hazard may be prevented by improving the proper return path for diathermy current whilst simultaneously impeding the current which seeks alternative pathways. Dobbie has recommended that indifferent electrodes should be placed reasonably close to the site of operation and that preferably two electrodes should be usedone under the thorax and one under the buttocks. Under these circumstances, the diathermy voltages are reduced to 8-9 volts. Hospital Technical Memorandum No. 8 (1969) recommends the use of resistances, placed as close to the electrodes as possible, on each limb lead. ECG leads which include 10 000 ohm resistances at each electrode plug are now available and these should replace existing electrode leads in operating theatre environments, since they offer a considerable protection against diathermy burns, whilst providing an insignificant reduction in ECG signal quality.
Frequency Response
In order to further reduce a.c.artifacts (50Hz), muscle artifacts (25-1000 Hz) and low frequency base-line drift, it is necessary to limit the frequency response of the ECG machine.
The frequency components of the ECG waveform have been extensively investigated (Langner 1952 , Scher & Young 1960 , Langner & Geselowitz 1960 . Berson & Pipberger (1966 have demonstrated the effect of various analogue filters on the ECG waveform and have shown that, although filters possessing steep roll-off would appear to offer the optimum filtering characteristics in terms of amplitude, these tend to produce severe distortion because of phase-shift. Their recommendations have been adopted in the AHA specifications for direct recording penwriters. (1967) which state that the amplitude of response should remain substantially flat within ±6%. (0.5 dB) between 0.14Hz and 5OHz and must not decay below 70% (-3 dB) of the unfiltered response at the extremes of 0.05Hz and 1OOHz. Such a filter specification would inevitably allow some artifact to pass. whilst an abridged low frequency response produces more diagnostically significant distortion including exaggeration of the S-wave, distortion of the S-T segment and T-wave inversion (Fig 1) .
In the presence of severe a.c. or muscle interference, some degree of distortion is probably more acceptable than a trace with an extended frequency response (Fig 2) . In such circumstances, a 12 dB per octave filter operating at 20-40Hz (-3 dB) would be useful. The effect of low frequency attenuation is to render the trace immune to the baseline drift which is associated with patient movement. Significant stabilization is achieved by a 6 dB per octave filter operating at 0.32Hz (-3 dB) representing a time-constant of 0.5 seconds. Moderate distortion results.
Since it is clearly not possible to effectively filter artifacts without distortion, ECG monitors should be fitted with a 'Monitor/Diagnostic' switch which clearly distinguishes 'monitor' and 'diagnostic' performance.
Display
The adequate display of the ECG signal is essential if full diagnostic value is to be obtained from its fidelity. The conventional oscilloscope trace, though convenient for observing rate and rhythm is inadequate for close scrutiny. The introduction of 'memory' oscilloscopes greatly enhances the diagnostic value of the oscilloscope. It is, however, occasionally necessary to make a permanent record; a pen recorder with an adequate linearity and frequency response is thus an essential part of the ECG monitoring array. Dr A J Clement (St Thomas's Hospital, London SE]) said that Dr Raftery's paper confirmed what he thought a lot of anesthetists already knew, namely that although there were now many papers related to myocardial infarction and anesthesia, it was still hard to come to anything but a few general conclusions about this subject.
The main difficulty lay in the question of diagnosis. Myocardial infarction was difficult to diagnose, particularly in the postoperative period when it might be silent, and so figures about incidence had to be treated with caution. Secondly, different types of myocardial infarction had different mortality rates and few of the papers which he cited described their diagnostic criteria in great detail, so that comparison between papers was difficult.
One point which he had not mentioned was that while patients who had had a previous myocardial infarction had a higher mortality rate during surgery, often as a result of a second myocardial infarction, this increased risk extended to patients suffering from other cardiovascular disease short of infarction. Thus coronary artery disease, hypertensionparticularly untreated hypertensionand ECG abnormalities all suggested a greater than normal risk factor.
It was usually said that postanesthetic infarction had a much higher mortality than 'medical' infarction. The figures of course were artificially loaded because many patients who died immediately after a 'medical' infarction never reached hospital. However, it had been clearly shown that the mortality rates for 'medical' infarction could be drastically reduced by proper treatment in a coronary care unit. This had been achieved mainly by the detection and correction of arrhythmias, little progress having been made in the treatment of 'pump failure'.
He thought this told several important things to anmsthetists. Because postoperative infarction was commonest on the third day and because we knew that postoperative hypoxia extended over this period, patients particularly at risk needed to be carefully watched over this period, perhaps with ECG monitoring and oxygen administration. Secondly, because the diagnosis of infarction was difficult, the observer should always have a high index of suspicion. Thirdly, if the patient did have an infarct, the correct place for him to be nursed was in a coronary care unit.
There was really no good evidence to show that one form of anesthetic was better than another for these patients. Hypotension had, however, been shown to be harmful, as obviously hypoxia must have been. Our management ofthese patients during aneesthesia should, he thought, be modelled on the cardiac surgery or intensive care style which implied comprehensive monitoring and meticulous care of the circulation. 1953 , Snyder et al. 1952 . The duration and degree of such retention seems to be related to the severity of the operative procedure (Moore et al. 1955) . Although many reports (Shires et al. 1961 , Fieber & Jones 1966 , Deding et al. 1971 suggest that large volumes of balanced salt infused during surgery may prevent the sodium retention, its etiology remains unexplained.
In 1952, the powerful salt-retaining adrenal steroid, aldosterone, was isolated (Simpson & Tait 1952) . Since Casey (Casey et al. 1957) showed that aldosterone excretion was increased tenfold postoperatively, it was assumed that aldosterone secretion was the cause of this sodium retention. This appeared to be confirmed when' Johnston (1964) showed that patients pretreated with an aldosterone antagonist, spironolactone, produced a sodium diuresis postoperatively. Kay (1968), however, was unable to confirm this. In addition, it is known that adrenalectomized patients, maintained only with cortisone supplements, still retain salt after surgery (Mason 1955) . Also in infants whose aldosterone production is impaired (Weldon et al. 1967) , nearly all the sodium filtered at the glomerulus is reabsorbed (Aperia et al. 1972) . Thus, it seems that other factors are important in the etiology of postoperative sodium retention. Intrarenal mechanisms have received little attention in surgical patients.
During the last ten years, enormous progress has occurred in the understanding of sodium homeostasis by the kidney. In 1961, de Wardener et al. showed that urinary sodium excretion could
